This article focuses on an approach based on the Taguchi method with grey relational analysis for optimizing the process parameters for open-end spun yarns with multiple performance characteristics. A grey relational grade obtained from the grey relational analysis is used to optimize the process parameters. Optimal process parameters can then be determined by the Taguchi method using the grey relational grade as the performance index. CV m %, hair number per meter, and tenacity of yarn were selected as quality characteristics. Using these characteristics, the process parameters, including rotor speed, rotor diameter, opener speed, yarn linear density and navel type are optimized. The raw materials used in this investigation were cotton fibers (35%) and cotton waste (65%) collected from ginning machines. The Experimental results show parameter rotor speed has the most significant effect on the multiple performance characteristics.
INTRODUCTION
In the rotor spinning system, yarn can be spun from cotton waste according to the desired end uses. No other spinning system exists enabling this economical application. The reuse of recovered fibers in the spinning process has been discussed by many researchers. [1, 2, 3] The results of several investigations [3, 4, 5, 6, 7] have revealed that machine parameters such as rotor diameter, rotor diameter opening covering type, and opening roller rotational speed significantly affect yarn physical and mechanical properties. Thus, the optimum machine parameters will be important to achieve the best desired yarn properties.
Previously, the Taguchi Method was used to analyze optimal process parameters of a single quality characteristic. This method focused on optimizing a single quality response. [8] However, products in some processes have more than one quality response which should be considered. The Taguchi method primarily uses engineering judgment to decide optimal factor levels for multi-responses, which increases uncertainty during the decision-making process. [9] This problem can be solved by the grey system theory introduced by Deng. [10] Chen et al. [11] proposed the integration of grey relational analysis and the Taguchi Method to resolve multiple quality characteristics. This method transforms multiple quality characteristics into single grey relational grades. By comparing the computed grey relational grades, the arrays of respective quality characteristics are obtained in accordance with response grades to select an optimal set of process parameters.
In this paper, using the grey relational method, different process parameters of the rotor spinning system such as rotor diameter, rotor speed, yarn linear density, navel type, and opening roller speed were optimized to achieve the best multiple quality characteristics.
EXPERIMENTAL
The raw materials used in this investigation were cotton fibers and cotton waste collected from ginning machines. Fiber properties of cotton and wastes were measured by the Spinlab 900 according to ASTM D4605. A summary of raw fiber properties is included in Table I . The blending of cotton fibers (35%) and waste (65%) was carried out at the first passage in the drawing frame. A second passage was used to improve the homogeneity of the blending. Slivers were used to produce yarns with three different linear densities Ne 12, Ne 16 and Ne 20 on an Elitex rotor-spinning machine.
Taguchi's experimental design was used to produce the yarn samples and analyze the effect of each of the controllable factors on multiple responses. The controllable factors which considered in this research were rotor diameter and speed, opening roller speed, navel type and yarn linear density. The different levels of these factors are shown in Samples were kept in standard testing condition for 24 hours prior to testing. The yarn hairiness, tenacity and evenness were the responses in this study. For each sample, a 500 meter length of yarn was tested on a Zweigle G 566 hairiness tester at a yarn speed of 50 m/min to obtain the number of hairs per meter. The number of hairs exceeding 3 mm was measured. Thirty tests were necessary to obtain average yarn hairiness values. Standard method ASTM D2256 was used to determine single yam strength (cN/tex) by the Instron. The testing speed was 60 mm/min, pretension force was 15cN, and the gauge length was 500 mm. For each yarns sample, ten samples were taken to obtain an average value. Yarn unevenness was measured with reference to ASTMD 1425, by the Uster Tester 3 at 100 m/min for 5 minutes. 
Grey Relational Analysis Method
In the grey relational analysis, experimental results (CVm%, tenacity and number of hair per meter) were first normalized and then the grey relational coefficient was calculated from the normalized experimental data to express the relationship between the desired and actual experimental data. Then, the grey relational grade was computed by averaging the grey relational coefficient corresponding to each process response (3 responses). The overall evaluation of the multiple process responses is based on the grey relational grade. As a result, optimization of the complicated multiple process responses can be converted into optimization of a single grey relational grade. In other words, the grey relational grade can be treated as the overall evaluation of experimental data for the multi response process. Optimization of a factor is the level with the highest grey relational grade. [9] Data Pre-Processing is normally required, since the range and unit in one data sequence may differ from others. It is also necessary when the sequence scatter http://www.jeffjournal.org Volume 7, Issue 2 -2012 range is too large, or when the directions of the target in the sequences are different. [9] In the study, a linear data preprocessing method for the yarn tenacity is the higher-the-better and is expressed as: ( 1 ) Yarn unevenness indexes (CV m %) and hair number of yarn per meter, which are the lower-the-better can be expressed as: ( 2 ) where x i (k) is the value after the grey relational generation, min y i (k) is the smallest value of y i (k) for the k th response, and max y i (k) is the largest value of y i (k) for the k th response.
An ideal sequence is x 0 (k) (k=1, 2, 3) for three responses. The definition of the grey relational grade in the grey relational analysis is to show the relational degree between the twenty-seven sequences (x 0 (k) and x i (k), i=1, 2, . . . , 27; k=1, 2, 3). The grey relational coefficient ξ i (k) can be calculated as:
Where is the difference of absolute value between x 0 (k) and x i (k); ϛ = distinguishing coefficient (0_1); ∆ min , smallest value of ∆ 0i ; and ∆ max , largest value of ∆ 0i .. After averaging the grey relational coefficients, the grey relational grade Ύ i can be obtained as: ( 4 ) where n is the number of process responses. The higher value of the grey relational grade represents the stronger relational degree between the reference sequence x 0 (k) and the given sequence x i (k). As mentioned before, the reference sequence x 0 (k) is the best process response in the experimental layout. The higher value of the grey relational grade means that the corresponding cutting parameter is closer to optimal. [9] In other words, optimization of the complicated multiple process responses is converted into optimization of a single grey relational grade. [8] 
RESULTS AND DISCUSSIONS
A level average analysis was adopted to interpret the results. This analysis is based on combining the data associated with each level for each factor. The difference in the average results for the highest and lowest average response is the measure of the effect of that factor. The greatest value of this difference is related to the largest effects of that particular factor. Data preprocessing of each performance characteristic and the experimental results for the grey relational according to formulas (3) and (4) are given in Table IV and V. According to the Taguchi method, the statistic delta defined as the difference between the high and the low effect of each factor, was used. A classification can be done to determine the most influent factor. When so done, the multiple objective optimization problems are transformed into a single equivalent objective function optimization problem. The higher grey relational grade will be close to the optimal condition. Using the grey relational grade value, the mean of the grey relational grade for each level of different factors, and the total mean of the grey relational grade is summarized in Table VI . Then a response graph of the grey relational analysis is obtained by main effect analytic computation, as shown in Figure 1 . The response graph indicates the optimal factorial sets: A2, B2, C2, D3 and E1., i.e. a yarn linear density of 16 Ne, a rotor speed of 48,000 r.p.m., an opener speed of 8400 r.p.m., a rotor diameter of 66 mm, and a navel without flute. According to the results presented in Table VI , for cotton-waste (35/65) spun yarns, rotor speed has the largest effect on the multiple yarn quality indexes. Factor yarn linear density is second and is followed by factor rotor diameter, factor opener speed and factor navel type.
Considering this principle, the recommended levels are summarized in Table VII . The empirical relationships between yarn quality and the five controllable factors were analyzed using MINITAB software. The optimum conditions for process factors have been represented in Table VII . 
Analysis of Variance
The purpose of the ANOVA is to investigate which factors significantly affect the performance characteristic. This is accomplished by separating the total variability of the grey relational grades, which is measured by the sum of the squared deviations from the total mean of the grey relational grade, into contributions by each machining parameter and the error. [9] The percentage contribution by each factor to the total sum of the squared deviations SST can be used to evaluate the importance of the cutting parameter change on the performance characteristic. In addition, the F test can also be used to determine which factor has a significant effect on the performance characteristic. Usually, the change of a determined factor has a significant effect on the performance characteristic when the F value is large. Results of the ANOVA Table VIII indicate that rotor speed is the most significant factor for affecting the multiple performance characteristics. Based on the previous discussion, the optimal factors are rotor speed at level 2, Yarn linear density at level 2, and rotor diameter at level 2 and opener speed at level 2. The results show that the navel type has no significant effect on the multiple performance characteristics. 
Prediction and Validation of the Grey Relational Grade of Optimum Result
After the optimal level of the different factors is selected, the final step is to predict the performance characteristic using the optimal level of factors.
(5)
The estimated grey relational grade using the optimal level of process factors can be calculated as where total mean of the grey relational grade, mean of the grey relational grade at the optimal level, and q number of process factors that significantly affect the multiple performance characteristics.
Based on Eq. (5), the estimated grey relational grade using the optimal process parameters can then be obtained. Table IX shows the results of the confirmation experiment using optimal factors. As shown in Table IX 
CONCLUSION
A grey relational grade obtained from the grey relational analysis was used to optimize the process parameters of open-end spinning system with multiple performance characteristics (CVm%, hair number per meter, and tenacity of yarn). The experimental results show that parameter rotor speed has the most significant effect on the multiple performance characteristics. Factor yarn linear density is second and is followed by factor rotor diameter, factor rotor opener speed, and factor navel type.
The result of the confirmation tests yielded an improvement of 0.278 in grey relational grade, after validation.
Therefore, the integration of grey relational analysis and the Taguchi Method can be applicable for the optimization of process parameters and help to improve process efficiency.
